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(57) ABSTRACT 

The present invention relates to a method for image enhance 
ment. The method includes the steps of: replacing a value of 
a pixel of a digital image With a maximum one of values of 
red, green andblue sub-pixels of the pixel; selecting a speci?c 
pixel from pixels of the digital image; selecting some of the 
pixels surrounding the speci?c pixel to constitute a speci?c 
block; calculating an average of values of the pixels of the 
speci?c block; providing multiple curve functions; obtaining 
a corresponding one of the curve functions according to the 
average, and substituting the value of the pixel of the image 
into the curve functions to obtain neW output brightness val 
ues. 
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IMAGE ENHANCEMENT METHOD USING 
LOCAL GAIN CORRECTION 

This application claims priority of No. 097134971 ?led in 
TaiWan R.O.C. on Sep. 12, 2008 under 35 USC 119, the entire 
content of Which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of Invention 
The present invention relates to the image processing tech 

nology, and more particularly to an image enhancement 
method using the local gain correction. 

2. Related Art 
Recently, the progress ofthe technology makes the types of 

multimedia become more and more diversi?ed. As for the 
digital video, such as a digital photo, a digital display, a digital 
?lm or the digital video broadcasting technology, the image 
enhancement technology is greatly emphasiZed. The image 
processing is to make various changes of the image frames on 
the color, the brightness, the focal length and the like of the 
obtained digital image according to the functions provided by 
the image processing operation technology, or even to syn 
thesiZe tWo photos through the more complicated operation 
procedures. For example, it is possible to quickly transform a 
sunshiny photo into a rainy photo according to some func 
tions of image processing (e.g., the functions of changing of 
the brightness and the contrast). Alternatively, it is possible to 
stealthily substitute one thing for another according to tWo 
photos by Way of the image processing procedures of select 
ing, cutting and pasting. Thus, the original look of the image 
may be changed. Therefore, the image processing is to change 
or analyZe the data on the image. 
As for the image processing, Which needs to distinguish 

betWeen the brightness of different images, the brightness 
distribution of the image is often used for the analysis. FIG. 1 
is a FloW chart shoWing a conventional digital image 
enhancement method. Referring to FIG. 1, the operation 
includes the folloWing steps in order to enhance the contrast 
of the image. 

In step S101, the method starts. 
In step S102, an input frame is acquired. 
In step S103, a brightness histogram of the input frame is 

detected. 
In step S104, a curve function is obtained according to the 

brightness histogram. 
In step S105, the pixels of the input frame are substituted 

into the curve function to achieve the effect of enhancing the 
contrast ratio or the dynamic range of the image. 

In step S106, the method ends. 
FIG. 2A is a brightness histogram shoWing pixels of a 

photo With the larger brightness difference. FIG. 2B is a 
brightness histogram shoWing blue pixels of a photo With the 
larger brightness difference. As shoWn in FIGS. 2A and 2B, 
the brightness average of the photo is loWer. In addition, as 
shoWn in FIG. 2B, the blue pixels of this photo have the 
extreme distribution. That is, the blue pixels of this photo 
have the extremely great brightness difference. When the 
brightness difference of one digital image is extremely great, 
the details of the processed photo image may disappear if only 
the digital image enhancement method of FIG. 1 is used. 

In addition, in order to solve the above-mentioned prob 
lems, methods of enhancing the image using algorithms have 
been proposed. For example, the methods disclosed in [1] and 
[2] have to transform the image from the spatial domain to the 
frequency domain by Way of, for example, Fast Fourier Trans 
form (FFT) or Discrete Cosine Transform (DCT). Although 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
the method can obtain the image With the better dynamic 
range, the operation needs the greater calculation load. If the 
method is implemented in the product, the layout area of the 
integrated circuit is inevitably increased. In addition, the 
poWer consumption is also increased With the increase of the 
calculation load. 
[1] Lee, Sangkeun; Ha, Hyeong-Seok V.; Kim, Yeong-HWa 
“Dynamic range compression and contrast enhancement 
for digital images in the compressed domain” Optical 
Engineering, Publication Date: February 2006, On 
page(s): 1-14 Vol. 45. 

[2] Hau Ngo; Li Tao; V1jayan Asari “Design of an Ef?cient 
Architecture for Real-time Image Enhancement Based on a 
Luma-Dependent Nonlinear Approach” ITCC 2004. Inter 
national Conference on Publication Date: April 2004, On 
page(s): 656-660 Vol. 1. 

SUMMARY OF THE INVENTION 

It is therefore an objective of the present invention to pro 
vide an image enhancement method for enhancing an image 
using the local gain correction. 

Another objective of the present invention is to provide an 
image enhancement method for adaptively enhancing an 
image so that the enhanced image is still clear even if the 
brightness difference of the image is extremely great. 

Still another objective of the present invention is to provide 
an image enhancement method for adaptively enhancing an 
image With the reduced calculation load. 

To achieve the above-identi?ed or other objectives, the 
present invention provides an image enhancement method. 
The method includes the steps of: replacing a value of a pixel 
of a digital image With luminance (combination of R, G, and 
B pixels) of the pixel; selecting a speci?c pixel from the pixels 
of the digital image; selecting some of the pixels surrounding 
the speci?c pixel to constitute a speci?c block; calculating an 
average of values of the pixels of the speci?c block; providing 
multiple curve functions; obtaining a corresponding one of 
the curve functions according to the average of the speci?c 
block, and substituting the values of the R, G, and B pixels of 
the image into the curve functions to obtain neW output R, G, 
and B values. 

In the image enhancement method according to the pre 
ferred embodiment of the present invention, the step of pro 
viding the curve functions includes providing a plurality of 
curve look-up-tables to represent the curve functions. In one 
embodiment, the method further includes the step of substi 
tuting a pixel value of the speci?c pixel into the speci?c curve 
function to obtain a corrected pixel value. In one embodi 
ment, the method further includes the steps of: providing a 
curve index image; and recording a curve index of the speci?c 
curve function in the curve index image, Wherein positions of 
pixels of the curve index image are the same as positions of 
the pixels of the digital image, and the curve index of the 
speci?c curve function is recorded at a corresponding posi 
tion corresponding to the speci?c pixel. In one embodiment, 
the method further includes the step of eliminating the spe 
ci?c pixel, Wherein the above-mentioned steps are repeated 
until all of the pixels have been extracted to ?ll the positions 
of the pixels of the curve index image. In one embodiment, the 
method further includes the step of substituting each of the 
pixels of the digital image into a corresponding one of the 
curve functions according to the curve index stored in the 
curve index image to obtain a corrected digital image. 

In the image enhancement method according to the pre 
ferred embodiment of the present invention, the digital image 
includes M><N pixels, and the curve index image includes 
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corresponding M><N pixels, and the step of substituting each 
of the pixels of the digital image into the corresponding one of 
the curve functions according to the curve index stored in the 
curve index image to obtain the corrected digital image 
includes the sub-steps of: (a) ?nding the corresponding curve 
function from the (i, j)”’ curve index of the curve index image; 
(b) substituting the (i, j)”’ pixel of the digital image into the 
curve function corresponding to the (i, j)”’ curve index of the 
curve index image to obtain the (i, j)”’ pixel of the corrected 
digital image; and (c) eliminating the extracted pixel, Wherein 
the sub-steps (a) to (c) are repeated until all the pixels have 
been extracted, Wherein M, N, i and j are natural numbers, 
0<:i<:M—l, and 0<:j <:N—l. 

The present invention further provides an image enhance 
ment method. The method includes the steps of: replacing a 
value of a pixel of a digital image With luminance (combina 
tion of R, G, and B pixels) of the pixel; dividing the pixels of 
the digital image into multiple speci?c blocks; calculating an 
average of values of the pixels of the speci?c block; providing 
multiple curve functions; obtaining a corresponding one of 
the curve functions according to the average of the speci?c 
block, and substituting the value of the R, G, and B pixels of 
the image into the curve functions to obtain neW output R, G, 
and B values. 

In the image enhancement method according to the pre 
ferred embodiment of the present invention, the step of pro 
viding the curve functions includes providing a plurality of 
curve look-up-tables to represent the curve functions. In one 
embodiment, the method further includes the step of: obtain 
ing the corresponding curve function according to the average 
of the speci?c block and substituting the value of the pixel 
into the curve functions to obtain neW output brightness val 
ues. In one embodiment, the method further includes the step 
of recording a curve index of the speci?c curve function in the 
curve index image, Wherein positions of the pixels of the 
curve index image are the same as positions of the blocks of 
the digital image. In one embodiment, the method further 
includes eliminating the speci?c block, Wherein the above 
mentioned steps are repeated until all of the blocks have been 
extracted to ?ll the positions of the pixels of the curve index 
image. In one embodiment, the method further includes the 
step of substituting each of the pixels of the digital image into 
a corresponding one of the curve functions according to the 
curve index stored in the curve index image to obtain a cor 
rected digital image. 

In the image enhancement method according to the pre 
ferred embodiment of the present invention, the digital image 
includes M><N blocks, and the curve index image includes 
corresponding M><N pixels. The step of substituting each of 
the pixels of the digital image into the corresponding one of 
the curve functions according to the curve index stored in the 
curve index image to obtain the corrected digital image 
includes the sub-steps of: (a) upscaling the curve index image 
to obtain a corrected curve index image, Wherein the number 
of pixels of the corrected curve index image is the same as the 
number of pixels of the digital image; (b) ?nding a corre 
sponding one of the curve functions from the (i, j)”’ curve 
index of the corrected curve index image; (c) substituting the 
(i, j)”’ pixel of the digital image into the curve function cor 
responding to the (i, j)”’ curve index of the corrected curve 
index image to obtain the (i, j)”’ pixel of the corrected digital 
image; and (d) eliminating the extracted pixel, Wherein the 
sub-steps (b) to (d) are repeated until all the pixels have been 
extracted, Wherein M, N, i and j are natural numbers, 
0<:i<:M—l, and 0<:j <:N—l. 

The spirit of the present invention is to ?nd out the pre 
ferred curve function corresponding to the corrected unit in a 
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4 
manner of analyZing the brightness of the block brightness. 
Thus, even if the image has the extremely great brightness 
difference, the enhanced image still may be clear. In addition, 
the present invention has the folloWing advantages. First, only 
the simple calculation is needed because the simple opera 
tions of addition, subtraction, multiplication and division are 
needed. Second, the smaller memory is needed because it is 
unnecessary to store reference images in advance. 

Further scope of the applicability of the present invention 
Will become apparent from the detailed description given 
hereinafter. HoWever, it should be understood that the 
detailed description and speci?c examples, While indicating 
preferred embodiments of the invention, are given by Way of 
illustration only, since various changes and modi?cations 
Within the spirit and scope of the invention Will become 
apparent to those skilled in the art from this detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will become more fully understood 
from the detailed description given hereinbeloW and the 
accompanying draWings Which are given by Way of illustra 
tion only, and thus are not limitative of the present invention. 

FIG. 1 is a How chart shoWing a conventional digital image 
enhancement method. 

FIG. 2A is a histogram shoWing pixels of a photo With the 
larger brightness difference. 

FIG. 2B is a brightness histogram shoWing blue pixels of a 
photo With the larger brightness difference. 

FIG. 3 is a How chart shoWing an image enhancement 
method according to an embodiment of the present invention. 

FIG. 4 is a schematic illustration shoWing curve functions 
in the step 304 according to the embodiment of the present 
invention. 

FIG. 5 is a schematic illustration corresponding to the steps 
S305 and S306 according to the embodiment of the present 
invention. 

FIG. 6 is a schematic illustration corresponding to the step 
S310 according to the embodiment of the present invention. 

FIG. 7A shoWs the processing using the image enhance 
ment method of FIG. 3 according to the embodiment of the 
present invention, Wherein the upper portion corresponds to 
input image values, and the loWer portion corresponds to 
output image results. 

FIG. 7B is a brightness histogram shoWing pixels of the 
image processed using the image enhancement method of 
FIG. 3 according to the embodiment of the present invention. 

FIG. 7C is a brightness histogram shoWing blue pixels of 
the image processed using the image enhancement method of 
FIG. 3 according to the embodiment of the present invention. 

FIG. 8 is a detailed ?oW chart shoWing the step S313 in the 
image enhancement method according to the embodiment of 
the present invention. 

FIG. 9 is a How chart shoWing the image enhancement 
method according to the embodiment of the present inven 
tion. 

FIG. 10 is a schematic illustration shoWing the curve func 
tions according to the embodiment of the present invention. 

FIG. 11 is a schematic illustration shoWing the step S910 
according to the embodiment of the present invention. 

FIG. 12 is a detailed ?oW chart shoWing the step S913 in the 
image enhancement method according to the embodiment of 
the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention Will be apparent from the following 
detailed description, Which proceeds With reference to the 
accompanying drawings, Wherein the same references relate 
to the same elements. 

FIG. 3 is a How chart shoWing an image enhancement 
method according to an embodiment of the present invention. 
Referring to FIG. 3, each pixel serves as a unit to perform the 
adaptive brightness correction on the pixels in this embodi 
ment so that the dynamic range of the image can be increased. 
The image enhancement method includes the folloWing steps. 

In step S301, the method starts. 
In step S302, a digital image is acquired, Wherein the 

digital image has many pixels P(1, 1) to P(M, N), Wherein M 
and N are respectively the total number of horizontal pixels 
and the total number of vertical pixels. In this embodiment, 
each pixel has three sub-pixels, Which are respectively red R, 
green G and blue B sub -pixels. In order to enhance the effect 
using the method of this embodiment of the present invention 
applied to the image processing, the luminance (combination 
of R, G, and B pixels) of the pixel represents the pixel value of 
each pixel. 

In step S304, multiple curve functions are provided. FIG. 4 
is a schematic illustration shoWing the curve functions in the 
step 304 according to the embodiment of the present inven 
tion. As shoWn in FIG. 4, generally speaking, the curve func 
tion is a one-to-one function, Wherein y:f(x, y) is an example 
of the curve function. In this embodiment, y is the output pixel 
value, x is the input pixel and y is the curve index. 

In step S305, a speci?c pixel P(i, j) is selected from the 
pixels of the digital image, Wherein P(i, j) represents the pixel 
located at the ith column and the jth roW. 

In step S306, multiple pixels surrounding the speci?c pixel 
are selected to constitute a speci?c block. FIG. 5 is a sche 
matic illustration corresponding to the steps S305 and S306 
according to the embodiment of the present invention. As 
shoWn in FIG. 5, it is assumed that the speci?c pixel being 
extracted in the step S305 is the pixel 501. In this case, 
multiple pixels, such as 502, surrounding the pixel 501 and 
distant from the pixel 501 by a ?xed range are extracted in the 
step S306. Although the range of 5x5 is illustrated in the 
schematic illustration, one of ordinary skill in the art may 
easily understand that the range may be determined according 
to the softWare-hardWare design, and is not restricted to have 
the square shape. So, the present invention is not limited 
thereto. 

In step S307, an average AV of values of the pixels of the 
speci?c block is calculated. The sum of the pixel values of the 
pixels of the block is divided by the number of pixels to obtain 
the average of the block. In this embodiment, the luminance 
(combination of R, G, and B pixels) of the pixel serves as the 
pixel value. 

In step S308, multiple output brightness values are 
obtained by substituting the average AV of the speci?c block 
into the curve functions. 

In step S309, a speci?c output brightness value closest to a 
speci?c brightness value is found from the output brightness 
values so that a speci?c curve function corresponding to the 
speci?c output brightness value is found. Herein, it is possible 
to set the brightness value, Which may be comfortably felt by 
the human eyes, as the speci?c brightness value. Next, the 
brightness values obtained in the step S308 are respectively 
compared With the speci?c brightness value so that the output 
brightness value closest to the speci?c brightness value can be 
found. Then, the corresponding curve function can be found 
according to the output brightness value closest to the speci?c 
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6 
brightness value. Because the pixels surrounding the speci?c 
pixel P(i, j) usually closely relate to the speci?c pixel P(i, j), 
the found curve function may be regarded as the preferred 
curve function corresponding to the speci?c pixel P(i, j). 

In step S310, the curve index of the speci?c curve function 
is recorded in the curve image, Wherein the curve index of the 
speci?c curve function is recorded at the position correspond 
ing to the speci?c pixel. FIG. 6 is a schematic illustration 
corresponding to the step S310 according to the embodiment 
of the present invention. Referring to FIG. 6, symbol 601 
represents the digital image, and symbol 602 represents the 
curve index image in this embodiment. The pixel y(i, j) of 
each curve index image stores the preferred curve index cor 
responding to the pixel P(i, j). 

In step S311, it is judged Whether there is a pixel, Which has 
not been extracted. If the judgement is yes, the extracted 
pixel, such as the speci?c pixel P(i, j), is eliminated. The steps 
S302 to S310 are repeated until all the pixels P(1, 1) to P(M, 
N) have been extracted to ?ll the positions of the pixels of the 
curve index image. If all the pixels have been extracted, step 
S312 is performed. 

In the step S312, a spatial ?lter operation is performed on 
the curve index image. If the curve index image is directly 
used to compensate the digital image, the textures of the 
image may disappear. Thus, the spatial Filter operation has to 
be performed on the curve index image. Generally speaking, 
the spatial operation is a loW-pass operation. In the techno 
logical ?eld of image processing, the spatial ?lter operation 
may be performed in many Ways, and detailed description 
thereof Will be omitted. 

In step S313, each pixel of the digital image is substituted 
into the corresponding curve function according to the curve 
index stored in the curve index image to obtain a corrected 
digital image. FIG. 7A is a schematic illustration shoWing the 
image brightness values With the resolution of 16*16. As 
shoWn in FIG. 7A, the upper half portion corresponds to the 
values before being processed, While the loWer half portion 
corresponds to the values after being processed. One of ordi 
nary skill in the art may clearly see that the pixel values of the 
pixels P(0,7) and (0,9) before the image processing are equal 
to 127, but the values of thereof after the image processing 
according to the embodiment of the present invention are 
respectively equal to 112 and 109. This phenomenon repre 
sents that the image processing algorithm used in this 
embodiment of the invention can adaptively calculate differ 
ent output results according to different brightness distribu 
tions in the neighboring region of the pixel. 

In addition, FIG. 7B is a brightness histogram shoWing 
pixels of the image processed using the image enhancement 
method of FIG. 3 according to the embodiment of the present 
invention. FIG. 7C is a brightness histogram shoWing blue 
pixels of the image processed using the image enhancement 
method of FIG. 3 according to the embodiment of the present 
invention. As shoWn in FIGS. 7B and 7C, the brightness 
distributions of the pixels become more uniform in the image 
processed using the method according to the embodiment of 
the present invention. At last, compared FIG. 7C With FIG. 
2B, it is obtained that the problem of brightness saturation is 
not caused by the image processing method of the present 
invention in the portion 701 With the higher brightness With 
respect to the blue pixels processed by the method according 
to the embodiment of the present invention. If the prior art 
method of FIG. 1 is utiliZed to process the image similar to 
FIG. 2B, the blue pixels may seriously saturated, and this 
condition causes the loss of the details of the image so that the 
image is seriously distorted. HoWever, the embodiment of the 
present invention utiliZes the local gain correction. That is, 
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each pixel is corrected according to the pixels, Which sur 
round the pixel and are disposed Within a region enclosing the 
pixel. Thus, the embodiment of the present invention can 
enhance the image contrast Without distorting the details of 
the image and can reduce the calculation load to be smaller 
than that of the prior art. 

In step S314, the method ends. 
The step S313 may be simply divided into several sub 

steps. FIG. 8 is a detailed ?oW chart shoWing the step S313 in 
the image enhancement method according to the embodiment 
of the present invention. Referring to FIG. 8, the step S313 
includes the folloWing sub-steps. 

In sub-step S801, a curve function corresponding to the (i, 
j)”’ curve index, hereinafter referred to as y(i, j), is found from 
the curve index image. 

In sub-step S802, the (i, j)”’ pixel P(i, j) of the digital image 
is substituted into the curve function corresponding to the (i, 
j)”’ curve index y(i, j) of the curve index image to obtain the (i, 
j)”’ pixel of the corrected digital image. 

In sub-step S803, it is judged Whether all the pixels of the 
digital image have been extracted. If not, the procedure goes 
back to the sub-step S801 until all the pixels have been 
extracted so that the corrected digital image can be obtained. 

In the above-mentioned embodiment, the image enhance 
ment is performed by ?rstly constituting the curve index 
image and then performing the compensation. HoWever, one 
of ordinary skill in the art may understand that the speci?c 
pixel P(i, j) may be substituted into the corresponding speci?c 
curve function after the speci?c curve function corresponding 
to the speci?c pixel P(i, j) is obtained in the step S308. Thus, 
the present invention is not limited to the step. In addition, one 
of ordinary skill in the art may understand that the spatial ?lter 
operation is not the essential step, and may be optional 
according to the requirement on the image quality of the 
product or the operation speed. So, the present invention is not 
limited thereto. 

It is to be noted that the method for performing the image 
enhancement operation uses the pixel as the unit in the above 
mentioned embodiment. HoWever, one of ordinary skill in the 
art may understand that the image enhancement operation 
may be performed using the block as the unit according to the 
same rule. Thus, the present invention is not restricted to this 
possible aspect. Next, another embodiment, in Which the 
image enhancement operation is performed using the block as 
the unit, Will be illustrated so that one of ordinary skill in the 
art may implement the present invention according to the 
spirit of the present invention. 

FIG. 9 is a How chart shoWing the image enhancement 
method according to the embodiment of the present inven 
tion. Referring to FIG. 9, the method includes the folloWing 
steps. 

In step S901, the method starts. 
In step S902, a digital image is acquired. 
In step S903, the digital image is divided into a plurality of 

blocks. 
In step S905, a plurality of curve functions is provided. 

Similarly, the curve functions shoWn in FIG. 4 are still pro 
vided in this embodiment. One of ordinary skill in the art may 
understand that the curve functions may also be those shoWn 
in FIG. 10. So, the present invention is not restricted to the 
curve functions of FIG. 4. 

In step S906, a speci?c block is selected from the blocks of 
the digital image. 

In step S907, an average AV of values of the pixels of the 
speci?c block is calculated. Similarly, the average is calcu 
lated by dividing the sum of the pixel values of the pixels by 
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8 
the number of pixels in this block. Herein, the pixel value is 
de?ned by the luminance (combination of R, G, and B pixels) 
of the pixel. 

In step S908, the average of the speci?c block is substituted 
into the curve functions provided by the step S905 so that a 
plurality of output brightness values is obtained. 

In step S909, a speci?c output brightness value closest to a 
speci?c brightness value is found from the output brightness 
values so that a speci?c curve function corresponding to the 
speci?c output brightness value can be found. Similarly, it is 
possible to set the brightness value, Which may be comfort 
ably felt by the human eyes, as the speci?c brightness value. 
Next, the brightness values obtained in the step S908 are 
respectively compared With the speci?c brightness value so 
that the output brightness value closest to the speci?c bright 
ness value can be found. Then, the corresponding curve func 
tion can be found according to the output brightness value 
closest to the speci?c brightness value. 

In step S910, the curve index of the speci?c curve function 
is recorded in the curve index image, Wherein the curve index 
of the speci?c curve function is recorded at the corresponding 
position corresponding to the speci?c block. FIG. 10 is a 
schematic illustration shoWing the curve functions according 
to the embodiment of the present invention. 

FIG. 11 is a schematic illustration shoWing the step S910 
according to the embodiment of the present invention. As 
shoWn in FIG. 11 of this embodiment, symbol 1101 repre 
sents the digital image, symbol 1102 represents the curve 
index image, and symbol 1103 represents the block B(1,1) of 
the digital image including multiple pixels. Each pixel y(i, j) 
of the curve index image stores the preferred curve index 
corresponding to the block B(i, j). In addition, each block 
includes multiple pixels P. 

In step S911, it is judged Whether there is a block that has 
not been extracted. If yes, the extracted block is eliminated, 
and the above-mentioned steps S906 to S910 are repeated 
until all the blocks have been extracted to ?ll the positions of 
the pixels of the curve index image. If all the pixels have been 
extracted, step S912 is performed. 

In the step S912, a spatial ?lter operation is performed on 
the curve index image. Similarly, if the curve index image is 
directly used to compensate the digital image, the textures of 
the image may disappear. Thus, the spatial ?lter operation has 
to be performed on the curve index image. Generally speak 
ing, the spatial operation is a loW-pass operation. In the tech 
nological ?eld of image processing, the spatial ?lter operation 
may be performed in many Ways, and detailed description 
thereof Will be omitted. 

In step S913: each pixel of the digital image is substituted 
into the corresponding curve function according to the curve 
index stored in the curve index image to obtain a corrected 
digital image. 

In step S914, the method ends. 
The different betWeen this embodiment and the embodi 

ment of FIG. 3 is that this embodiment needs not to extend the 
extracted block into another larger block. In addition, because 
this embodiment uses the block as the unit, the curve index 
image is relatively smaller than the curve index image used in 
FIG. 3, and the operation speed is relatively higher that that of 
the method of FIG. 3. 

Referring again to FIG. 11, the curve index image does not 
correspond to the pixels in a one-to-one manner, but does 
correspond to the block B(i, j) in the one-to-one manner. 
Thus, if all the pixels of the block B(i, j) are substituted into 
the (i, j)”’ curve index y(i, j), the digital image may have the 
grid-like brightness distribution. Thus, the preferred imple 
mentation of the step S913 may be divided into several sub 
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steps. FIG. 12 is a detailed ?oW chart showing the step S913 
in the image enhancement method according to the embodi 
ment of the present invention. Referring to FIG. 12, the step 
S913 includes the following sub-steps. 

In sub-step S1201, the curve index image is upscaled to 
obtain a corrected curve index image, Wherein the number of 
pixels of the corrected curve index image is the same as the 
number of pixels of the digital image. Generally speaking, 
this upscaling method is to obtain the pixel, Which is not 
originally obtained, by Way of interpolation. 

In sub-step S1202, the corresponding curve function is 
found from the (i, j)”’ curve index of the corrected curve index 
image, hereinafter referred to as Y2 (i, j) (Y2 is the upscaled 
curve index image). 

In sub-step S1203, the (i, j)”’ pixel of the digital image is 
substituted into the curve function corresponding to the (i, j)”’ 
curve index Y2 (i, j) of the corrected curve index image to 
obtain the (i, j)”’ block of the corrected digital image. 

In sub-step S1204, it is judged Whether all the pixels of the 
digital image have been extracted. If not, the procedure goes 
back to the sub-step S1202 until all the pixels have been 
extracted so that the corrected digital image can be obtained. 

In the above-mentioned embodiments, the luminance 
(combination of R, G, and B pixels) of the pixels serves as the 
pixel value. HoWever, one of ordinary skill in the art may 
understand that the determination of the pixel value is not 
limited thereto. Instead, the average of the pixel values of the 
red, green and blue sub-pixels or the maximum of the pixel 
values of the red, green and blue sub-pixels may serve as the 
pixel value, or the image may be directly divided into red, 
green and blue images, Which are respectively processed 
using the above-mentioned steps of the methods. The meth 
ods mentioned hereinabove only pertain to the design choices 
to one of ordinary skill in the art, so detailed descriptions 
thereof Will be omitted. 

In summary, the spirit of the present invention is to ?nd out 
the preferred curve function corresponding to the corrected 
unit in a manner of analyZing the brightness of the block 
brightness. Thus, even if the image has the extremely great 
brightness difference, the enhanced image still may be clear. 
In addition, the present invention has the folloWing advan 
tages. First, only the simple calculation is needed because the 
simple operations of addition, subtraction, multiplication and 
division are needed. Second, the smaller memory is needed 
because it is unnecessary to store reference images in 
advance. 

While the invention has been described by Way of 
examples and in terms of preferred embodiments, it is to be 
understood that the invention is not limited thereto. To the 
contrary, it is intended to cover various modi?cations. There 
fore, the scope of the appended claims should be accorded the 
broadest interpretation so as to encompass all such modi?ca 
tions. 

What is claimed is: 
1. An image enhancement method, comprising the steps of: 
acquiring a digital image; 
selecting a speci?c pixel from a plurality of pixels of the 

digital image; 
selecting some of the pixels surrounding the speci?c pixel 

to constitute a speci?c block; 
calculating an average of values of the pixels of the speci?c 

block; 
providing a plurality of curve functions; 
substituting the average of the values of the pixels of the 

speci?c block into the curve functions to obtain a plu 
rality of output brightness values; and 
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?nding one of the output brightness values, Which is closest 

to a speci?c output brightness value of a speci?c bright 
ness value, to ?nd out a speci?c curve function corre 
sponding to the speci?c output brightness value. 

2. The method according to claim 1, Wherein the step of 
providing the curve functions comprises: 

providing a plurality of curve look-up-tables to represent 
the curve functions. 

3. The method according to claim 1, further comprising the 
step of: 

substituting a pixel value of the speci?c pixel into the 
speci?c curve function to obtain a corrected pixel value. 

4. The method according to claim 1, further comprising the 
steps of: 

providing a curve index image, Wherein positions of pixels 
of the curve index image are the same as positions of the 
pixels of the digital image; and 

recording a curve index of the speci?c curve function in the 
curve index image, Wherein the curve index of the spe 
ci?c curve function is recorded at a corresponding posi 
tion corresponding to the speci?c pixel. 

5. The method according to claim 4, further comprising the 
step of: 

eliminating the speci?c pixel, 
Wherein the above-mentioned steps are repeated until all of 

the pixels have been extracted to ?ll the positions of the 
pixels of the curve index image. 

6. The method according to claim 5, further comprising the 
step of: 

performing a spatial ?lter operation on the curve index 
image. 

7. The method according to claim 5, further comprising the 
step of: 

substituting each of the pixels of the digital image into a 
corresponding one of the curve functions according to 
the curve index stored in the curve index image to obtain 
a corrected digital image. 

8. The method according to claim 7, Wherein the digital 
image comprises M><N pixels, the curve index image com 
prises corresponding M><N pixels, and the step of substituting 
each of the pixels of the digital image into the corresponding 
one of the curve functions according to the curve index stored 
in the curve index image to obtain the corrected digital image 
comprises the sub-steps of: 

(a) ?nding the corresponding curve function from the (i, 
j)”’ curve index of the curve index image; 

(b) substituting the (i, j)”’ pixel of the digital image into the 
curve function corresponding to the (i, j)”’ curve index of 
the curve index image to obtain an (i, j)”’ pixel of the 
corrected digital image; and 

(c) eliminating the extracted pixel, 
Wherein the sub-steps (a) to (c) are repeated until all the 

pixels have been extracted, Wherein M, N, i and j are 
natural numbers, 0<:i<:M— l, and 0<:j <:N—l . 

9. The method according to claim 8, Wherein the sub-step 
(a) comprises: 

?nding at least one ?rst speci?c curve function and a sec 
ond speci?c curve function, Which are close to the (i, j)”’ 
curve index; and 

performing an interpolation operation on the ?rst speci?c 
curve function and the second speci?c curve function to 
obtain the curve function corresponding to the (i, j)”’ 
curve index. 




